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SUMMARY

During this fourth reporting period, September 30 through December 31,
the primary empnasis has been upon the collection of data, with concurrent
data analysis. Some refinements of techniques are reported and in general
the vork is going smoothly with excellent results. The major serious prob-
Tem remains that of obtaining data on all of the subjects specified in the
experimental design within the time remaining for the data collection phase
of the study. A brief summary of major task accomplishments during this
period reflect the following progress:

1. A continuing search of the literature has resulted in acquisition
of 300 additional veferences for a total to date of 2111 references cited.
No new cervical motion studies, beyond the 23 reported earlier,have been
Tocated. An effort at accumulating foreign references was made during this

period and a Targe proportion of the bibliography listed contains foreign
references, indicating the international interest in this area.

2. The subject pool has been greatly expanded, with 250 medical ques-
tionnaires distributed to date to potential subjects, and 188 returned. Of
these, 18 (13.9%) were rejected on a basis of medical history and 40 (30.5%)
were rejected for other reasons in the 18-24 year age group. In the 35-44
year age group, 11 of 57 questionnaires returned (19.3%) were rejected for
medical'reasonsg and 2 for other reascns, for an overall rejection rate of
23.2% for that group. During the next reporting period an emphasis will be
placed on obtaining subjects in the third age group and a higher rejection
rate is anticipated.

3. Forty-two additional subjects have been X-rayed, for a total of 85
sets of radiological data. Of these 80 were useful; five subjects to date

being rejected on a basis of clinical review of the X-ray films. Several




changes of precedures described in the Third Quarterly Report have been con-
tinued with excellent reproducibitity: the usé of a "dropped-shoulders”
lateral view, replacing the "soft-seat" view; the use of a metal reference
rod attachoed to a headband to determine a reliable neutral position head
angle; and the use of a reference line tangent to the skull to 6btain re-
Tiable measuremant of renges of motion.

4. 77 sets of X-rays have now been analyzed for neutral head postion,
flexion, extension, and range of motion. Average range of motion for 40
females (26 young, 14 widdle aged) measured from X-rays is 133.8°, and for
30 males (26 young, 4 middle aged) is 142.7°.

6. Photogrammetry has been completed for 76 subjects, with analysis
of 70 of these. Use of high-contrast markers has proven a more reliable
indicator of head position than the headband reference-rod arrangement
previously used. |

6. Anthropometry has been obtained from a total of 52 subjects to
date, with information from 48 of the 52 coded and keypunched. A compar-
ison between the subject population and the overall U.S. population for
stature and erect sitting height measures demonstrates excellent correla-
tion, and indicates that the population so far is representative.

7. Reaction time measurements for 40 additional subjects were taken
during this quarter, for a total of 47 to date. Sample reaction times have
been hand-analyzed from strip-chart records obtained from 20 female and 15
male subjects, and results show an average of 50 to 90 msec for both neck flex-
ors and neck extensors. Several equipment vefinements have increased effi-
ciency and accuracy of data-taking.

8. Neck muscle strength measurements have been completed for a total

3 i ~ " N . ;’l .
of 47 subjects, and all data analyzed for 42 of these. Results indicate
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that the neck extensors are stronger than the neck flexors in both sexes.
In the current pericd 40 subjects were tested, resulting in 80 sets of
strength tests. Females ranged from a Tow of 7.3 1bs. to a high of 45.5
Tbs., while males ranged from 11.4 1bs. to 63.5 1bs.

9. The debugying process was completed for automated data analysis.
Complete data were analyzed for 11 subjects and veouired 12-14 minutes each,
and it is estimated that only 50 hours time will be required for initial
digitalization and analysis of data frem the entire projected subject pool.
Two problems with the real-time data sumnary produced on the Tine printer

are outlined.



I. INTRODUCTION

Neck injuries to motor vehicle occupants are a common conseguence of
vear-end cotlisiens. Such trauma has been characterized as "whiplash" or
hypevaxtension-hyperflexion injuries. However, recent field and clinical
investigations indicate that there is a significant prepondevance of "wnip-
Tash® symptoms among females. Little information is known concerning var-
jation in head mass or center of gravity of the seated occupant or varia-
tion of neck muscie strength as related to age, sex, and physique differ-
ences, and no previous study has related variation in neck muscle response
time to external acceleration stimulus. Such information would appear to
be of basic importance in consideration of sensitivity to hyperextension-
hyperflexion injury.

The basic objective of this study is to determine the range of phys-
ical variation in function and structure of the human neck, with variables
of age, sex, and stature, as a basis for improved head protection design
in vehicular occupant hyperextension-hyperflexion accidents. Specific
tests and measurements are being conducted to result in several major types
of information relating to the range of physical and sexual variation of
the neck in a representative U.S. population. Neck measurements to be
determined include anthropometry, radiography, photogrammetry, muscle
strengtn, voluntary range of extension and flexion cervical motion, and
muscle response time. Mathematical modeling is being used to predict dy-
namic sensitivity to changes in the parameters developed.

Technical accomplishments during the fourth 90-day period of this
investigation are reviewed in the following report. Emphasis during this

period has been upon data acquisition and initial data analysis.



IT. TASK PROGRESS

1. Literature Survey

Efforts continued during this quarter to locate additional references
related to the neck and its characteristics. The gehera1 body of litera-
ture is considerable, although relatively few studies directly pertinent
have been located to date.

The bibliography format usad in previous reports has been continued.
Additional references Tocated during this period are organized into five
general categories: motion/mobility; mechanisis of injury; anatomy/radi-
ography; experimental strength/stress; and injuries/fractures. vNe contin-
ve to find the bulk of references related to clinical reports to be of interest
primarily because they emphasize the widespread concern with cervical injur-
ies and their treatment.

The bibTiography has been enlarged by nearly 300 additional references
during this reporting period, and now consists of 2111 references. In keep-
ing with past practice, we have included only new acquisitions in the bibli-
ography for this report. The bibTiographies from each quarterly report will
be combined and fnc?uded in the final report.

Effort during this quarter was placed on the international aspetts of
the cervical problem. Hence, foreign language references constitute a ma-
jority of the bibliography. The worldwide distribution of articles (Japan-
ese, German, Russian, Italian, African, etc.) fef]ects a high level of inter-
est in the neck and its characteristics throughout the medical profession,

Although an additional 25 references related to the category "motion/
mobility" were located, no new or recently-reported studies were found.

ost of the articles are concerned either with subjects whose norimal mobil-



ity has become impaired, with total spinal mobility, or with motions other
than in the sagittal plane. Consequently, the number of normal cervical
motion studies remains at 23; these have been reported previously.

At this time, the references in each category of the bibliography are
as follows: motion/mobi11ty, 25 new references, for a total to date of 207;
mechanisms of injury, eleven acquisitions which bring the total to 102; anat-
omy/radiography, an increase of 55 to a total of 336 reports; experimental
strength and stress, 22 additional references for a total of 218; and clin-
ical reports of injuries and fractures, an increase of 180 and a current

total of 1245,



2. Subject Pool

The size of the subject pool expanded considerably during this quarter,
as a major effort was undertaken to complete acquisition of subjects in the
18-24 age group and alse to fill the 35-44 age group.

We had anticipated that it might be difficult to locate subjects for
the 35-44 age group, since they do not tend te congregate in easily access-
ible groups (such as college students in dormatories). We decided to adver-
tise, and in early October, a classified ad was placed in the Tocal news-
paper. The response was much larger than we expected - some 75 phone in-
guiries were answered. The largest number of respondents were females, and
in many cases we were able to enlist their husbands at the same time. It
appears tnat enough potential subjects were recruited from the ad to fill
all female size classifications in the age group, as well as the male med-
jum and tall sizes.

Locating short males end females in both age groups has been a contin-
uing probTem, but extensive word-of-mouth and bulletin board canvassing is
having a positive effect. We now have sufficient "leads" or questionnaires
on hand to i1l all but the short male category in the 35-44 age group.

No major effort to enlist the elderly age group has yet been made, but
several initial inquiries through contacts at local senior citizens' retire-
ment centers have brought a positive response. Much of our subject pool
activity in the next quarter will be directed at Tocating subjects in the
65-74 age group. While there are at least five non-convalescent retirement
centers in the area, we may have a considerable problem with health ques-
tionnaire rejections. Depending on how acute this problem becomes, it may
be necessary to increase the age vange by five years to include 60-65 year-

olds. Expansion of the age range will be undertaken only if insufficient



numbers of subjects are located in the preferred age group.

The current status of the subject pool may be summarized as follows.
Approximately 250 questionnaives have either been distributed to groups or
mailed out with veturn envelopes. VWhere possible, the name of a potential
subject is obtained before a questionnaire is given out. Of those potential
subjects thus identified, we currently have 30 questionnaives out but not
returned (consisting of 5 from the young age group, 20 middle age, 2 elderly
and 3 of unknown age). Since the start of the study, some 188 questionnaires
have been returned. Of these, 131 fit into the young age group and 57 fit
the middle age group. Questionnaires rejected on the basis of health his-
tory alone totalied 18 for the young age group (a rejection rate of 13.9%).
When medical history rejections are combined with 40 questionnaires unusable
for other reasons (moved, too old, category ff11ed, etc.), a total of 58
responses, or 44.3% were unusable in the young age groun. The medical re-
Jection rate for the middle age group so far is 19.3% (11 of 57 questionnaires
returned). This rate is slightly higher than that for the younger age group,
which is to be expected. However, due to the more discriminate canvassing
of subjects in this group (the newspaper ad) only 2 quéstionnaires have
been unusable for other than medical reasons. Therefore the total rejection
rate for subjects 1ﬁ this middle age group is 23.2%. HNo rejection rate for
elderly subjects can be established until active recruiting begins in that
group.

On the basis of subjects already measured plus approved questionnaires
on hand, all subjects needed to fil1 all of the size categories in the young
age group have been located (except for the short male group, which lacks 2

subjects). In the middle age group, all female categories plus that of tall
/



males are in hand, while short and medium-sized men remain largely unlocated.
Follow-up of unreturned questionnaives is beginning and will hopefully aid
in filling out these categories.

It will become apparent as this report is reviewed that our previously
stated goal of running 10 new subjects per weck during the quarter was not
achieved. While 42 subjects were X-rayed and testing was completed on 40
subjects, these were far fewer than we had expected to process. Several
factors were involved in causing this gap, but the chief problem was the
inherent difficulty of scheduling human subjects. Despite the fact that
we maintain a large pool of "available" subjects, it was not uncommon to
have to place b or 10 phone calls to schedule one subject. The holiday
period also had a major impact, making it difficult to schedule subjects
in the week before Thanksgiving and Christmas: For example, ih the week be-
fore Thanksgiving, 5 of 6 scheduled subjects either cancelled at the last
minute or simply failed to appear. While we were able to reschedule most
cancellations, the time period originally intended for testing that subject
usually went unfilled. Scheduling difficulties, cancellations, minor equip-
ment maintenance problems (which increase with heavier‘use), and the fact
that our primary laboratory assistant is showing an allergy to something in
the lab have all cohtributed to not being able to measure as many subjects
as we would have preferred. The corrective actions being implemented to

counter these problems are described in Section III of this report.



3. Radiography

The two changes in X-ray procedures described in the Third Quarterly

nggﬁglhaée been in use during this quarter and have proven effective. The
use of tne metal reference rod attached to a headband provides a reliable
neutral pesition head angle, and the reference line tangent to the skull

(as previeusly described) is reliable in measuring ranges of motion. The

1

use of a "dreppzd-shoulders” Tateral view (instead of the "soft-seat" view)

has been helpful in clinical evaluation of the cervical spine X-rays, since

the -7 (and sometimes T-1) vertebrae are shown more clearly with the shoul-
ders lowered. MWe continue fo analyze three X-rays for range-of-motion:

hard seat neutral, hard seat flexion, and hard seat extension.

During the quarter, the X-ray (and photogrammetry) portions of the

study weve completed for forty additional subjects. A total of 85 sets of

X-rays have been taken to date. Of these, 80 sets provide useful range-of-

-

motion data. Five subjects to date have been rejected on the basis of clin-
ical review of the X-rays. Three of those were reported previously. During
this period, two subjects could not continue: one young male had a motor-
cycle accident history (though X-rays were inconclusive) and one 36-year-
old female who showed arthritic degeneration abnormal for her age. In add-
Ttion, five subjacts who were X-rayed are no longer available to finish the
study. Their results will net be included in the final analysis, even
fhough the X-rays have been analyzed for range-of-motion.

The approved, usable X-rays on hand at the end of the quarter are
broken down by category as shown in Table I. No X-rays of elderly subjects

have been taken.



TABLE 1
APPROVED X-RAYS LY SUBJECT CATEGORY

Sex/Age Short Medium Tall
Females, 186 - 2 6 8 12
Males, 18 - 24 5 11 12

{W‘dh‘sg 35 - 44 4 4 8
Males, 35 - 44 0 1 4
Total 75

To aid in data analysis and veporting, a coding system has been devel-

armetry range of motion data for a given

oped to put all X-ray anc photogy
subject onto two punched cards for computerized statistical analysis. The
coding method is compatible with programs contained in the University of
Michigan Statistical Research Laboratory Tibrary. It will be possible in
the future to analyze our range-of-motion data using already-existing com-
puter programs.

A total of 77 sets of X-rays have been analyzed for neutral head posi-
tion, Tlexion, extension, and vange-of-motion. The data from seventy sets
have been coded and keypunched. For tnis report, only total range-of-motion

)

was analyzed, with the following vesults. For 40 females (26 young, 14 mid-
dle age) the average range of motion measured from X-rays is 133.8 degrees,
with a standard deviation of 20.8 degrees. The average range-of-motion for
30 males (26 young, 4 middle age) is 142.1 degrees, with 15.9 degrees stan-
dard deviation. Taken togetner, the 70 subjects enalyzed to date averaged
137.4 degrees vange-of-motion (standard deviation 19.2 degrees). This range

is in fundamental agreement with the 130 degrees average compiled from 20

literature sources.




4. Photogrammetry

Data acquisition in the photogrammetry phase of the study progressed
smoothly throughout the quarter. Use of high-contrast markers taped directly
to the skin at the nasion and tragion positions has proven to be a more re-
Tiable indicator of head position than did the headband and reference rod
arrangement used previously. Otherwise, procedures remain unchanged - the
neutral, f1éxion, and extension positions are each being photographed three
times, in seguence. Efforts to limit shoulder and upper torso motion by
closely observing a shoulder bullseye have been successful. Subjects are
asked to repeat the position if the shoulders move. This allows accurate
ranga-of-motion measurement of the head and neck only without the necessity
of seat belts or torso restraints.

As noted in the previous section, photographic range-of-motion data

To date, a total of 76 subjects have been vhotographed. The photo-
graphs from seventy subjects have been analyzed, coded and keypunched.
Range-of-motion analysis from the same forty women and thirty men as reported
in the radiography section is presented in Table II. Note that the pre-
viously-described K-ray analysis is repeated in Table II. The average
range-of-motion measured for these subjects is extremely consistent. This
supports the preliminary conclusion reached earlier, that subjects exhibit
8 high degree of repeatability in their individual ranges-of-motion. The
large standard deviations attained continue to indicate large variations

in mobility between subjects.

—
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5. Anthropometry

AT1 subject anthropometry obtained this quarter was taken using the 48

measures and the sequence described in the Third Quarterly Report. The

prececure is refined and rapid; total time nceded to mark the subject and
take the measures averages less than twenty minutes. A1l measurements are
taken by the sare individual to aveid inter-measurer errors.

I system was devised during the guarter to code anthropometry mea-
sures onto four punched cards. As with the range-of-motion data, anthropom-
etry may then be analyzed using existing University of Michigan Statistical
Lab computer programs.

Anthropometry has been obtained from a total of 52 subjects to date,
and 48 of the 52 subjscts have been coded and keypunched.

A Timited analysis of selected measures has been completed. Stature

ight were analyzed for comparison with other populations,

2

~ Ao o e ot 1
and evect sitiing h

i«
D

and posterior neck length, superior and inferior neck circumference, and

head circumference were analyzed for sexual and size comparisons. It was
found that males were larger on the average than females in all measures.
Also, with the exception of posterior neck length, i%t was generally true

that the rank order of other measures correlates exactly with stature: i.e.,
the taller person has the larger head and neck. Posterior neck Tength tended
to be random among women and not correlated to stature.

A preliminary comparison of the study population with the U.S. pbpun
Tation vpon which our size criteria were based reveals some encouraging re-
sults. The 50th percentile (non-weighted average) for the study population
compares very Tavorably with the 50th percentile of the U.S. population in

the same age group. Similar results were obtained when both stature and

1



erect sitting height were comnared. These results are illustrated in Table

III1. While it is true that the study population everages are based on very
Timited numbers of subjecis, there i a definite indication that a random,

representativae U.S. populotion is indeed being recruited for the study.



*pasSeq 2U3H

21482 L4D U0L108{8s 8zLls 103[GNS 4no0 YJLUM yodn Apnis 8Ya SL SLUL "8DLALBS Yj|esH Siiqnd “2%-096lL
¢S33e1S po3Lufl  :S3Lnpy 40 suoLsusulLlg Apog psios i eS pue 1ybisH ugmrmw n>m>;3m Y3z |eaHq [euolleN
UL pa140dad Se Saneud o6% P97esLPUL DYl A0 SIUNSLY BLLIUI 2o49d U10G 84e ssanbil uoljeindod “S°N
674t 8°GE 3°89 L85 yZ - 8l S3TvH
FARSS L7€E PAR] S g9 vy - S€ NENLREE
L7EE L' vE 6°€9 ARTAS) ¢ - 8L SITYHES
% dod "S°N ~dod Apnag %"d0d "S°N ~dod Apnag
‘uL ‘IH9IZH SNILLIS 10343 "ub ‘3ANLYLS ERM X3S

I pue adnlez

S
STUNSYIW NOILYINGOd 30 NOSI¥VAWOD WI¥3LNI



6. Reaction Time Measurements

The reliable measurement of reaction time remains the most demanding
portion of the testing program. Generation of a signal sufficiently strong
to be analyzed by computer continues to be a difficult task. Several sub-
jects have been encountered who have had inherently "stiff" necks (espec-
jally tall men of average or heavy build). Even at the maximum allowable
acceleration of one G, these few subjects have had virtually no muscle re-
sponse. Fortunately, these are the exception, not the rule, and should not
adversely affect the overall project results. It should be noted that even
if a computer-analyzeble signal is not obtained, enough of a change occurs
in the FME signal monitored with a strip-chart recorder to allow hand anal-
ysis of the test.

No new technical problems arose durirng tﬁe reporting period, and several
minoy continuing Py*nh_ amg wevre resnlved

The problem of Tow EMG signal strength from the splenius capitis and
semispinalis muscles in the back of the neck was solved by using electrode
placements recommended by Davis.* The electrodes are placed specified dis-
tances from the palpated spine of the second cervical vertebra. We have
found this Tandmark easy to locate and measure from in the great majority
of subjects, especially since we have a lateral X-ray of each subject avail-
able for reference. The only drawback to this placement technique is that
the superior of the two electrodes Ties on or slightly above the hairline
at the nape of the neck. Fortunately, most subjects tested to date are
wearing the currently popular Tong hair styles, and we have had 1ittle prob-

lem in obtaining permission to trim away enough hair to allow proper electrode

Patterson hFR Ohio, December 1959, p 22-23.

*Pavis, J.F., Manual of Surface Electromyoaranhy, WADC TR 59-184,, Wright

14



placement and good adhesion.

The effect of the new electrode placement on signal strength is illus-
trated in Figure 1. The recordings are strength tests of two tall women who
developed epproximately the same strength. The two recordings are directly
comparable, and the large increase in signal strength is evident.

Efforts have also heen successful during this quarter to reduce data
Tosses to a minimum. The improvement in electrode placement has been the
most significant advancement, but other techniques have also been helpful.
For example, reaction time tests are very closely monitored. In most cases,
a strip-chart record of the EMG and acceleration signals is taken from the
tape recorder immediately after the test is run. In this regard, we have
found that there is sufficient time to turn on the strip-chart recorder be-
tween the time the weight reaches the end of its travel and the time the
recorded tape passes cver the playback heads. This technigue provides a
check of the primary data channels virtually simultaneously with the run-
ning of the test. The edit feature in the control channel circuitry makes
it possible to edit any test which does not produce measurable reactions.
This real time check allows us to immediately increase weight drop distances
and rerun a test. We are being persistent in rerunning tests until three
analyzable reaction times are measured. Data losses, at least for the pri-
mary muscle group being tested, are now at a minimum.

Several equipment refinements described in the previous report were
completed early in this quarter and have increased data-taking efficiency
end accuracy. Figure 2 illustrates the work area used for controlling reac-
tion time and strength testing. The tape recorder is mounted on a mobile
cart with Tocking wheels. It is thus isolated from table vibrations which

have in the past caused baseline shifts in vecorded signals. The recorder

15



Subj FBZ-02 Tested 11-3-72
Test #1850-SE  Trial I

Subj FAZ-02 Tested 12-8-72
Test #1340-SE Trail III

FIGURE 1
COMPARISON OF ENG SIGNALS FROM SPLENIUS CAPITIS MUSCLES
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is now controlled remotely from a monitor panel in front of the test con-
troTler. To run a reaction time test, the controller observes the EMG from
the primary muscle group in the oscilloscope. When the subject is relaxed,
the controller turns on the tape recorder, relosses the weight and watches
for the muscle reaction in the CRO. If he is doubtful of signal strength
or quality, he obtains a strip-chart record immediately from the playback
section of the recorder. A1l controls are within easy reach and the pro-
gression through the reaction time and strength testing seguences moves
veyy smoothly.

Figure 3 shows the monitor console in detail. When the controller
faces the console, he may also observe the subject at a glance. A1l of
the testing functions are handled from the console, which features gain con-
trols for all channels, a monitor switch to allow monitoring of any one
channel, a control channel tast Tevel selector, the strength calibrator for
determining muscle strength, a microphone for voice track recording, off-on
controls for the tape recorder and control channel (same switch works both),
and weight release/control channel data strobe switcnes. The monitor con-
sole has proven to be highly reliable in daily use.

Forty additional subjects were tested for reaction time during this
quarter. Valid reaction time data have now been collected from 47 subjects.
Head accelerations now achieved are consistently greater than 0.5 G, and us-
ually are in the 0.75 to 1.0 G range. This produces a distinct increase
in muscle activity in all but a few isolated instances. Head displacements
generally range from one to three inches.

Sample reaction times have been hand-analyzed from strip-chart records
obtained from 20 female and 15 male subjects. The results obtained thus

far show a range of 50 to 90 msec for both neck flexors and neck extensors,

18
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but are of such great variability that it would be misleading to present
them in more detail at this time. Additional subjects and more refined

analysis technigues will provide more useful results in the near future.
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7. MNeck Muscle Strenoth Measurements

Neck strength measurement procedures in use during this quarter have
not changed from those described in previous veports, except for the intro-
duction of a "learning" exertion. The subject produces one unrecorded short-
term exertion with neck flexors and neck extensors prior to recording the
three maximum strength trials. This allows the subject to experience the
sensations produced by the exertion and has probably reduced the degree of
fearning trend seen in the three strength trials.

Strength testing has been completed with a total of 47 subjects to date.
A1l strength test data have been analyzed from 42 of these subjects: 24 fe-
males and 18 males. The results, which are summarized in Table 1V, show
first that the neck extensors are stronger than the neck flexors in both men
and women and second that men are stronger, on the average, than women.
These results are not unexpected, though individual differences resulted in
some women being stronger than men of similar size and weight. It is also
interesting to note the larger degree of variability among men than women.

The effect of instituting a "learning" exertion was reflected when in-
dividual results were examined. Two learning trends were noted in twelve
observations during the previous veporting period (6 subjects, each with
flexor and extensor tests), for a trend percentage of 16.7%. 1In the current
period, 40 subjects were tested, with 80 sets of strength tests resulting.
Of these 80 sets of three trials each, only seven, or 8.8% exhibited trends.
A majority of the trends occur during extension tests, which is probably
due to body bracing being achieved through the spine and legs with succes-
sive tests. Also, some self-czompetition has been noted in trend situations.
However, most subjects were consistent in the strength achieved under maxi-

mun exertion conditions. (22 of 24 women and 14 of 18 men exhibited Tess
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than 10% coefficient of variation - std dev ¢ mean - in either flexor or
extensor tests or both.) There is a great deal of variation between sub-
jects, as indicated by the ranges of recorded strengths. Females ranged
from & Tow of 7.3 pounds to a high of 45.5 pounds, and males from 11.4

pounds to 63.5 pounds.
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8. Computerized Data Analysis

The major emphasis during this period was placed on data acquisition
and specialized analysis other than with automated computer analysis. How-
ever, sufficient effort was devoted to the computer program to complete
the debugging procass.  The program wovks very smoethly now, automatically
converting analog tape-recorded signals into digital format, analyzing up
to five data channels simultaneously, and delivering the information to both
a digital tape unit and a line printer. The efficiency of the program was
demonstrated by analyzing data from complete testing of eleven subjects.
The analysis time consumed only 12-14 minutes per subject, and it was not
necessary to stop either the recorder or the computer during the entire
2 1/2 hour period. At an average of less than fifteen minutes per subject,
initial digitalization and analysis of data from the entire subject pool
will require only about 50 hours. Statistical analysis of the digitized
data will requive additional computer time, but the initial processing of
the vast amount of data collected during the reaction time and strength
tests will be accomplished in a relatively short time period.

Two problems exist with the one-Tine data summavy‘of each test which
is produced on the line printer. First, due to the Timited memory capabil-
ity of the Hewlett»?ackard mini-computer (8000 words of memory), it has not
been possible to refine the one-line data summary with desired scaling and
~conversion factors. Therefore, the line printer summary does not reflect
inmediately-usable numbers (except for time values). However, a newly-
acquired disk storage system and a planned increase in memory capability
may relieve the problems of memory Timitation to a large extent. In the

meantime, the digitized tape will be used to produce more refined data.
/
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The second data summary problem involves the establishment of accurate
reaction time measurements. A statistical pairing technique with variable
thresholds has baen used. Some difficulty has been experienced with the
earlier data in setling the thresholds to ignore background activity but
still detect an increase in muscle activity. Additional trials with vary-
ing threshold Tevels will no doubt resolve the problem. Threshold setting
should be more straightforward with later data, since more effort is now
being expended to insure a large signal from the desived muscle response.

Some analysis results from the one-line data summary produced by the
computer have been compared to those obtained by hand analysis of the data.
Because of the thresheld problem described above, the strip-chart values
will continue to be reported until the threshold problem is resolved.

The computer analysis, however, has been verified as reliably accurate
for strength test results. This verification was accomplished in two ways.
First, the results of each individual strength test wevre compared - the com-
puter results and those of strip-chart analysis. Sixty-five individual
tests from the eleven subjects were compared. In only two cases did the
computer and strip chart results differ by more than 1.9 pounds (two pounds
is well within strip-chart measurement error since the signal was averaged
by eye over a 1.6 second period). The average difference Was 0.9 pounds.
The second verification technique was one of logic. The data summary of
each strength test consists of: (a) average signal strength of each of the
EMG signals, and (b) a ratio of strength calibrator signals which can be
cohverted into strength in pounds. Strength test results, strip chart rec-
ords, and computer printouts were compared for several subjects. In every

case, ENG signal size ranked in the same order as strength test results.
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Also, the primary group of muscles exhibited logically larger strengths
than did the secondary muscle group. For example, in a series of tests
with subject FAZ-04, in which the extensor muscles were primary, the fol-

Towing computer results were obtained:

Extensor Muscle sional Flexor Muscle signal strength (1bs)
19 14 10.0
3 ) 20.0
63 32 28.4
55 28 25.6
59 29 27.8

In this instance, muscle strengtn is directly reflected in muscle signal
strength of both primary and secondary muscle groups. This may be inter-
preted as evidence of the accuracy and correct Togic of the computerized
analysis of strength data.

Some time will be devoted to additional computerized data analysis
during the next quarter, with the intent of producing final product results
directly from the computer for the parameters being measured. The threshold
probTem should be resolved soon, and reaction time data should be available

in the near future.
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111, WORK TO BE ACCOMPLISHED DURING THE NEXT REPORTING PERIOD, JANUARY 1
THROUGH MARCH 31.

Data acquisition will receive the major emphasis during the coming
3-month period. Measuvements of subjects from the oldest (65-74 year)
group will be initiated, and in January an attempt will be made to have a
backlog of all required subjects' medical questionnaires completed and ap-
proved. Subject data acquisition continues to be our major problem. Pro-
jecting, in order to obtain all data on all 1€0 subjects called for in the
experimental design will require radiography on 100, photogrammetry on 106,
anthropometry on 128, strength data on 133, and reaction time response data
on 133 subjects. It is extremely doubtful that more than a total of 60
additional subjects can be completed at the present rate of acquisition.
To increase this, we have added the month of April to our data acquisition
time, are attempting to find "backup" subjects who can be called upon on
short notice to fill in wnen cancellations occur, have drawn upon additional
technician assistance, and will continue to attempt to schedule seven days
a week if necessary, since often subjects are not available until evening
or weekends. Public Health officials have predicted that, in the month of
January, the "London Flu" may be expected to affect 50% of Michigan residents,
and if so, may also cause serious disruption in our future scheduling. In
view of this, some alteration of our experimental design may have to be con-
sidered or other alternatives considered. Data analysis by computer will
continue. No further mathematical modeling will be initiated until April.

Experience to date indicated that we can reasonably expect to complete
testing on at Teast 60 more subjects during the quarter. The addition of
thirty more subjects in April and the fifty already completed brings the
total to 140, rather than the 180 originally intended. At this point, 140

subjects can be considered the minimum data base attainable, with 160 the
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maximum that could feasibly be completed by the end of April.
The schedule of projected activities through the next quarter and to

the end of the progrem is reflected in Table V.
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